ABSTRACT Potential West Nile virus (family Flaviviridae, genus Flavivirus, WNV) vectors were assessed during 2003 at indoor and outdoor collection sites in urban Volgograd, Russia, and in three nearby towns and surrounding rural areas. In total, 9,182 female mosquitoes comprising 13 species in six genera were collected. Relative abundance and bloodmeal host utilization differed temporarily and spatially. During June and July in Volgograd, Aedes vexans (Meigen) (85.4%) and Culex p. pipiens L. (7.6%) were the two most abundant species collected indoors, whereas during August, Cx. p. pipiens was the dominant species, accounting for 87.9% of specimens collected. Two WNV-positive mosquito pools were detected in August: one pool was composed of Cx. p. pipiens and the other pool of Culex modestus Ficalbi. Anopheles messeae Falleroni, Aedes caspius (Pallas), Ae. vexans, Cx. modestus, and Cx. p. pipiens used both humans and birds as bloodmeal sources. In urban areas, 20.4% of the Cx. p. pipiens fed on humans, 58.1% fed on chickens, and six specimens were positive for both chicken and human blood. Culex p. pipiens collected from ßooded basements were predominantly autogenous (91.7%), whereas adult females resting in buildings with dry basements were composed of 67.5% anautogenous and 32.5% autogenous specimens. Our data suggest that the primary WNV vectors in the Volgograd region were Cx. p. pipiens and Cx. modestus and that intense transmission of WNV to humans in urban areas during the epidemic of 1999 may have been facilitated by the abundance and concentration of anautogenous Cx. p. pipiens in multistory buildings. The role of autogenous Cx. p. pipiens in urban transmission remains unresolved.
gograd
In 1999, West Nile virus (family Flaviviridae, genus Flavivirus, WNV) was the causative agent for nearly simultaneous epidemics in New York City , Nasci et al. 2001a , Nash et al. 2001 and in the Astrakhan and Volgograd regions of southern Russia (Lvov et al. 2000 , Platonov et al. 2001 . The spread of WNV throughout much of North America resulted in the initiation of comprehensive surveillance programs (Gubler et al. 2000; Hayes et al. 2005a,b) and numerous studies on the epidemiology of WNV, including the roles of potential vectors and important vertebrate hosts (Komar 2003) . The 1999 outbreaks in Russia also stimulated research on WNV within that country, including studies on the geographical distribution of WNV; surveys of birds, mosquitoes, and ticks; and the molecular characterization of virus isolates (Lvov et al. 2000 (Lvov et al. , 2004 Platonov et al. 2001 , Prilipov et al. 2002 . However, entomological studies on potential mosquito vectors in areas of Russia that experienced epidemic transmission have not been undertaken.
West Nile virus was Þrst isolated in Russia from ticks, Hyalomma marginatum marginatum Koch [as Hyalomma plumbeum plumbeum (Panzer)] collected on rooks, Corvus frugilegus (L.), from the delta of the Volga River of the Astrakhan region in 1963 , and subsequently from birds in 1968 (Butenko et al. 1969 ). Antibodies to WNV were detected in the blood of human donors from rural areas of the Astrakhan region in 1966 ). In July and August 1999, Ϸ1,000 human cases of WNV disease were reported from the Astrakhan and Volgograd regions of Russia (Lvov et al. 2000 , Platonov et al. 2001 ) with the majority of human cases occurring in residents of urban areas. In Volgograd and the nearby towns of Volzsky and Svetly Yar, 394 human cases of West Nile (WN) fever were documented (Krasnova 2001 , Platonov et al. 2001 A.E.P., unpublished data) (Tsai et al. 1998 , Han et al. 1999 ) and secondarily with the urban epidemic in New York City (Kulasekera et al. 2001 , Nasci et al. 2001a , Apperson et al. 2002 . In these urban areas, Culex (Culex) mosquitoes that feed on both humans and birds seem to have maintained an urban transmission cycle. To assess the relative roles of potential WNV vectors, we conducted investigations during summer 2003 in urban Volgograd, three nearby towns, and surrounding rural areas. We report on studies to determine the relative abundance and species composition of mosquitoes at indoor and outdoor sites in urban areas and at rural areas and small farms, the bloodmeal host utilization patterns of female mosquitoes, WNV infection rates, and the spatial distribution of autogenous and anautogenous forms of Cx. p. pipiens within urban and rural areas.
Materials and Methods
Study Site. The city of Volgograd (48Њ 48ЈN, 44Њ 42ЈE; population 1,012,000) stretches along the west bank of the Volga river for Ϸ70 km with an average width of 4 km (Fig. 1) . On the west and northwest, it is surrounded by a chain of hills and steppe. A number of streams originate in the hills and feed pools and ponds on the outskirts of the city that provide larval habitat for mosquitoes of the genera Culex L., Anopheles Meigen, Uranotaenia Lynch Arribalzaga, and Culiseta Felt (M. Fyodorova, unpublished data). The banks of ponds are covered by reeds which are important resting sites for mosquitoes in open habitats. Larvae of ßoodwater Aedes Meigen mosquitoes are found in temporary pools and ponds located in various parts of the city as well as in ßooded lowlands including much of Sarpinsky Island (M.V.F., unpublished data) located east of the city (Fig. 1) . Within the city of Volgograd, districts with modern high-rise housing alternate with areas of single family dwellings where inhabitants often raise chickens, rabbits, cows, and pigs.
Two extended wetlands are located near Volgograd. One wetland located at the southern end of the city extends to the south for a distance of Ϸ100 km. The second is located on the east bank of the Volga River opposite the city. These wetlands, Ϸ138,000 ha, are traversed by numerous ancient river channels, lakes, and marshes and are part of avian migrating paths from Central and North Africa to eastern Europe. The wetlands provide suitable breeding sites for Ͼ150 species of birds that belong to orders Charadriiformes, Podicipediformes, Ciconiiformes, and Anseriformes (Krasnova 2001) . Some of these bird species also use breeding sites near ponds and marshes within and on the outskirts of Volgograd.
The study area is characterized by continental climate with average summer and winter temperatures of ϩ24.2 and Ϫ9.6ЊC, respectively. The average precipitation is Ϸ318 mm/yr.
Meteorological Data. Total monthly precipitation and mean monthly temperature data for Volgograd was obtained from the National Climatic Data Center (Asheville, NC). Total precipitation and mean temperature were compared graphically for each month of the epidemic year, 1999, and for each month of the study year, 2003, and To assess the environmental conditions associated with indoor and outdoor resting sites, we measured the temperature and humidity at 18 paired urban indoor and outdoor sites in Volgograd by using a thermohygrometer (model 02305, Termometer Fabriken-"Viking AB," Eskilstuna, Sweden). Indoor measurements were taken 1.5Ð2.0 m inside the entryway and 40 Ð50 cm above the ßoor in multistory buildings at the same time that mosquito collections were made. The corresponding outdoor measurement was taken 4.0 Ð 5.0 m before the entryway and 40 Ð50 cm above the ground, usually in the shade of fruit trees (e.g., Prunus armeniaca, Cerasus vulgaris, and Prunus avium) planted near buildings.
Entomological Sampling Methods. Mosquitoes were collected with a backpack aspirator (BioQuip Products, Gardena, CA) during two sampling intervals: 24 JuneÐ 4 July and 12 AugustÐ24 August 2003. Each site was sampled once per interval. Aspiration samples were made at two to three sites per day between 1100 and 1900 hours. Sampling time at each location was variable. Mosquitoes were transferred to the laboratory alive, chilled, and identiÞed to species by using standard keys and dissecting microscopes (Gutsevich et al. 1970 (Gutsevich et al. , 1974 .
Thirteen indoor sites were sampled in urban areas, 10 in Volgograd and one each in the nearby towns of Krasnooktyabrsky, Srednaya Achtuba, and Leninsk (Fig. 1) . All indoor sites in Volgograd were either Þve-, nine-, or 12-story buildings. At these sites, the main entryways, staircases, basements, and surrounding vegetation, if present, were sampled. Outdoor collections were made at four sites in Volgograd, one on Sarpinsky Island, and at six other rural areas (Fig. 1) . At rural sites, mosquitoes were aspirated from hollows, ground cavities, and among vegetation surrounding marshes, ponds, and streams. Aspiration collections also were made in and around henhouses and cattle sheds at Þve small livestock farms, one each in Þve rural villages (Fig. 1) .
Virus Testing of Mosquito Pools. Mosquito pools were tested for the presence of WNV by reverse transcriptase-polymerase chain reaction (RT-PCR). Mosquito pools, consisting of 48 specimens on average, were homogenized in 1.5 ml of phosphate-buffered saline (PBS). Mosquito homogenate, 0.1 ml, was mixed with 0.3 ml of chaotropic guanidinium isothiocyanate solution "D" and subjected to phenol-chloroform extraction (Chomczynski and Sacchi 1987) . The upper water phase, containing RNA, was transferred to a clean tube, mixed with guanidinium isothiocyanate solution "D," and subjected to silica absorbent-based extraction (Boom et al. 1990 ). The absorbent was dried, mixed with 40 l of eluant solution (DEPC-H 2 O), and 20 l of supernatant was withdrawn, added to 20 l of reverse transcription mixture, and incubated for 30 min at 37ЊC. All above-mentioned reagents are available in commercial kits "Ribosorb," "Ribosol," and "Reverta-L" manufactured by the Central Institute of Epidemiology, Moscow, Russia.
cDNA was two-fold diluted by Tris-EDTA-buffer, and then 10 l of cDNA solution was used in a hot-start PCR. The PCR used forward primer WNF8 (CGC CTG TGT GAG CTG ACA AAC TTA G) and reverse primer WNF281 (GTC GGA GC(G/A) ATT GC(T/A) GTG AA), which are complementary to 5Ј untranslated region and C gene sequences, respectively. The thermal cycler was programmed for one cycle at 95ЊC for 5 min, followed by 42 cycles of 95ЊC for 10 s, 60ЊC for 10 s, and 72ЊC for 10 s, and completed with one cycle at 72ЊC for 1 min. In WNV-positive samples, an amplicon of 274 bp was detected electrophoretically.
Analysis of Mosquito Bloodmeal Hosts. Individual midguts of blood-fed females were squashed on to Þlter paper (model 903, Schleicher & Schull, Dassel, Germany) , dried, and stored at ambient temperature. Bloodmeals were identiÞed by means of precipitation test (Tempelis and Lofy 1963) . Antisera against human, chicken, cattle, dog, pig, horse, and rabbit were provided by Biopreparat, Research Institute of Vaccines and Sera, Saint Petersburg, Russia. Blood samples from the animals mentioned above served as positive controls. For testing, the mosquito blood meal smear was cut out and soaked in 0.1Ð 0.2 ml of normal saline overnight. Approximately 0.02 ml of antigen solution was drawn up underneath an equal volume of gut extract in a small glass tube. Positive reaction was identiÞed by the presence of a distinct precipitation ring at the interface after 1 h.
Antisera were polyclonal antibodies produced in rabbits, except for the anti-rabbit antiserum that was produced in goats. Antisera for each species of mammal were absorbed with sera of the other mammal species to increase speciÞcity and were genus speciÞc, with exception of the anti-cattle antisera, which crossreacted with sera of Odocoileus (deer). The antichicken antiserum was not absorbed and cross-reacted with some other avian species. The anti-chicken antisera was tested against blood, obtained from zoological parks, of four common birds from the Volgograd Region to investigate cross-reactivity. Positive cross-reactions to blood of other avian species were demonstrated as follows: Corvus corone cornix (hooded crow), 86%, n ϭ 14; Corvus frugilegus (rook), 77%, n ϭ 13; Columba palumbus (ring-dove), 73%, n ϭ 15; and Turdus philomelos (song-thrush), 50%, n ϭ 16.
Study of Autogeny in Cx. p. pipiens. The use of taxonomic names within the Cx. pipiens complex and for autogenous and anautogenous forms of Cx. p. pipiens varies among authors (Miller et al. 1996 , Vinogradova 2000 . Herein, we use Cx. p. pipiens when referring to the northern house mosquito and the morphological entity that could include either or both anautogenous and autogenous forms following the arguments of Barr (1957 ), Miller et al. (1996 , and the comprehensive review of Vinogradova (2000) . Herein, we refer to autogenous and anautogenous specimens or populations of Cx. p. pipiens by using autogenous and anautogenous as adjectives so that our exact meaning is clear following the use of Clements (1992) and Vinogradova (2000) .
Fourth instars of Cx. p. pipiens were collected in ßooded basements and open habitats within Volgo-grad and at three rural sites. Larvae were reared at ambient temperature and fed with yeast suspension. Emerging adults, differing in age by Ͻ24 h, were placed into cages, with constant access to 5% sucrose solutions. Ten days after emergence, adult females were dissected to determine the stage of ovarian development. Specimens with ovaries developed to Christophers-MerÕs stage IIb or less of were considered anautogenous (Detinova 1962 , Clements 1992 , Spielman 2001 , whereas specimens with ovaries developed beyond stage IIb were considered autogenous (Vinogradova 2000 , Spielman 2001 ).
To investigate autogeny/anautogeny rates in Cx. p. pipiens collected in buildings with dry basements, 40 blood-engorged, adult females of Cx. p. pipiens were selected from mosquitoes collected at two sites in Volgograd. These adult female mosquitoes were placed into standard cages for oviposition and the emerged larvae were reared en masse to the adult stage. One hundred and fourteen of the progeny adult females were randomly selected and dissected for autogeny status as described above.
Statistical Analysis. Statistical analyses and tests of species abundance, bloodmeal host data, and meteorological data were performed by using SPSS software (SPSS Inc., Chicago, IL). Bias-corrected maximum likelihood estimates of virus infection rates (IRs) in mosquitoes and 95% conÞdence intervals (CIs) were calculated using PooledInfRate: a Micrsoft Excel Add-in (Biggerstaff 2003) .
Results
Meteorological Data. The spring ampliÞcation and summer transmission seasons during epidemic year 1999 were drier and warmer than the 20-yr average during the interval 1983Ð2004, excluding 1999 and 2003. Mean monthly temperatures during epidemic year 1999 were higher from January to August, except for May, than the mean of monthly temperatures for the interval 1983Ð2004 (Fig. 2) . Mean monthly precipitation for epidemic year 1999 was lower for spring, summer, and early fall, from March through September, except for June, than the mean of monthly precipitation for the interval 1983Ð2004 (Fig. 3) .
During the study year 2003, March, April, and June were cooler than in both the epidemic year and the average of the interval 1983Ð2004 (Fig. 2) . In 2003, March, April, and May were drier than average, and precipitation during these months was similar to values of epidemic year 1999. However, June and August of the 2003 study year were wetter than in both the epidemic year and the average for the interval 1983Ð 2004 (Fig. 3) .
The temperature at 18 indoor sites in multistory buildings within urban Volgograd averaged 24.7ЊC, which was 2.3ЊC cooler (P Ͻ 0.001, Wilcoxon signed ranks test) than at 18 corresponding outdoor sites (mean ϭ 27.0ЊC). The percent relative humidity at 18 indoor sites in multistory buildings within urban Volgograd averaged 52.6%, which was 6.3% higher (P Ͻ 0.001, Wilcoxon signed ranks test) than at the corresponding 18 outdoor sites (mean 46.3%).
Mosquito Species Abundance. In total, 9,182 (Tables 1 and 2) female mosquitoes comprising 13 species in six genera were collected by aspiration during two sampling periods in 2003 in Volgograd and surrounding areas (Fig. 1) .
Twelve species were collected in indoor and outdoor collections in Volgograd (Table 1) . The relative abundance of species differed between indoor and outdoor collections and between JuneÐJuly and August collections. Indoor collections were dominated by one or two species, whereas species collected in outdoor collections were more evenly distributed. In JuneÐJuly indoor collections, the ßoodwater mosquito Aedes (Aedimorphus) vexans (Meigen) (85.4%) and Cx. p. pipiens (7.6%) were the two most abundant species and accounted for 93% of specimens collected. In August indoor collections, Cx. p. pipiens was the dominant species and accounted for 87.9% of specimens collected. Anopheles (Anopheles) messeae Falleroni was the second most abundant species in August indoor collections but only accounted for 4.8% of collected specimens. JuneÐJuly outdoor collections were more homogeneous, with each of Þve species representing 11Ð37% of the specimens collected: Cx. (Barraudius) (Table 2 ). In August indoor collections, Cx. p. pipiens (79.6%) was the dominant species as was observed in Volgograd, followed by An. messeae, which accounted for 13.5% of collected specimens. Dominant mosquito species differed sharply between JuneÐJuly and August collections made at rural sites (Table 2) . JuneÐJuly collections were dominated by two ßoodwater Aedes species that accounted for 87.1% of collected specimens: Ae. vexans (76.5%) and Ae. caspius (10.6%). In contrast, August rural collections were dominated by summer generations of the multivoltine species Cx. modestus (27.2%), Coquillettidia (Coquillettidia) richiardii (Ficalbi) (27%) and Cx. p. pipiens (20.3%).
Collections made in and around livestock shelters were dominated by An. messeae, which accounted 85.9 and 93.9% of specimens in JuneÐJuly and August, respectively (Table 2) . Cx. p. pipiens was the second most abundant species at livestock farms and accounted for 8.2 and 3.2% of specimens in JuneÐJuly and August, respectively.
Virus Testing of Mosquitoes. Overall, 9,203 specimens of 11 mosquito species were tested for the presence of WNV by RT-PCR (Table 3) . Two WNVpositive mosquito pools were detected: one pool of Cx. p. pipiens was collected in the basement of a Þve-story apartment building in a small settlement outside of Krasnooktyabrsky (Fig. 1) August 2003. Virus IRs and 95% CIs are provided for each species and collection interval in Table 3 . Sequencing of amplicons conÞrmed that both 2003 mosquito isolates belong to the same WNV genotype that was responsible for the 1999 outbreak in Volgograd (Platonov et al. 2001, A.E.P., unpublished data) .
Mosquito Bloodmeal Hosts Analysis. In total, 681 blood-fed mosquitoes were analyzed from urban and rural areas and livestock farms: 584 (85.8%) of which produced a positive reaction with at least one of the antisera in Table 4 . Twenty-two (3.2%) mosquitoes produced positive results with two antisera, indicating mixed bloodmeals.
The proportion of mosquitoes feeding on humans was signiÞcantly greater in urban sites than in rural sites ( 2 ϭ 66.3, df ϭ 1, P Ͻ 0.001) ( Table 4 ). The proportion of mixed birdÐ human bloodmeals was also signiÞcantly higher in urban sites than in rural areas ( 2 ϭ 4.6, df ϭ 1, P Ͻ 0.05), whereas the proportion of bird meals was similar in both areas ( 2 ϭ 0.14, df ϭ 1, P Ͼ 0.1). The proportions of engorged females to total females collected for Ae. vexans, Cx. p. pipiens, Cx. modestus, and all other investigated species treated as a group (Tables 1, 2 , and 4) was greater in urban sites (9.7, 8.7, 12.3, and 10 .1%, respectively) than in rural sites (3.5, 2.7, 2.5, and 5.1%, respectively).
Blood-fed specimens of 11 species were collected and tested ( Humans as bloodmeal hosts were more common in urban areas than in rural areas and livestock farms for all eight species that feed on humans except for Cx. modestus. Cx. modestus fed predominantly on chickens and other birds (65%; 11/17) but on occasion also fed on cattle (18%), dogs, horses, and humans (6% each). An. messeae fed on humans (40%), cats (40%), and chickens (20%) in urban areas, but in rural areas and at livestock farms, no human bloodmeals were detected. In rural areas and at livestock farms, An. messeae predominantly fed on cattle (80.4 Ð 87%). A similar pattern was observed for Ae. caspius and Ae. vexans. In urban areas, Ae. caspius fed on a variety of (Table 5) . Populations collected inside buildings with wet basements were composed predominantly of autogenous specimens (91.7%). Progeny of adult females collected in buildings with dry basements were anautogenous (67.5%) twice as frequently as autogenous (32.4%).
Anautogenous populations sampled at livestock farms fed predominantly on chickens and other birds (86.8%) and secondarily on humans (9.4%). Specimens collected from outside areas in Volgograd fed equally on chickens and dogs. Specimens collected in buildings with dry basements fed on chickens (60.5%) twice as frequently as on humans (27.9%). Specimens collected in buildings with wet basements that were predominantly autogenous fed equally on humans and chickens and other birds (35.7% each), and three additional specimens (21.4%) had mixed human and chicken bloodmeals (Table 5) .
Discussion
Of the 13 mosquito species encountered during the 2003 study period, eight species have previously been found positive for WNV: An. messeae, Ae. caspius, Ae. cinereus, Ae. vexans, Cq. richiardii, Cx. modestus, Cx. p. pipiens, and Cx. territans (Hayes 1989 , Peiris and Amerasinghe 1994 , Hubalek and Halouzka 1999 , Andreadis et al. 2004 , Lvov et al. 2004 . The detection of WNV in a species is not particularly informative because during periods of intense transmission, many mosquito species may become occasionally infected without playing a signiÞcant role in either the enzootic or epidemic transmission cycle (Hayes 1989 , Hayes et al. 2005a ). To assess the potential roles of species as vectors, it is necessary to consider a variety of biological variables, including Þeld infection rates, population density, bloodmeal host utilization, humanÐ vector contact, seasonal abundance, and vector competence. In the discussion that follows, we assess the vector potential of the species encountered in the Volgograd region based on our limited infection rate data, infection rate data from North America and other areas, and information on the remaining biological variables.
In Volgograd and three neighboring towns, mosquito collections made inside buildings, where mosquitoes occur in proximity to humans, were dominated by Cx. p. pipiens, Ae. vexans, and An. messeae. In JuneÐ July collections at indoor urban sites, Ae. vexans and Cx. p. pipiens accounted for 83.7Ð93% of specimens collected in three neighboring towns and Volgograd, respectively. During August, which corresponds to the peak transmission season (Hayes 1989 , Hayes et al. 2005b , Cx. p. pipiens accounted for 87.9% of mosquitoes collected indoors in Volgograd (Table 1) and 79.6% of specimens collected indoors in three neighboring towns. These three species also used both humans and chickens, and presumably other domestic and wild birds that would allow for acquisition of virus, as bloodmeal hosts (Table 4) . In urban sites, the two most commonly detected bloodmeal hosts for Cx. p. pipiens were chickens and other birds (58.1%) and humans (20.4%).
Initial vector competence studies on anautogenous populations of Cx. p. pipiens in the United States indicated that this species was a moderately competent laboratory vector (Turell et al. 2001 ) despite infection rate and abundance data (Nasci et al. 2001a ) that demonstrated that Cx. p. pipiens was the primary vector in the Queens area of New York City in 1999. Data from the United States during the interval 1999 Ð2004 indicated that Cx. p. pipiens is one of the three most common mosquito species infected with WNV (Hayes et al. 2005a ). Long-term, 1999 Ð2004, studies on the infection rate and population biology of Cx. p. pipiens in Connecticut combined with bloodmeal host data (Magnarelli 1977; Apperson et al. 2002 Apperson et al. , 2004 (Dohm et al. 2002) . Increased dissemination rates resulting from increased temperatures could drastically increase transmission rates because Ϸ90% of Cx. p. pipiens with a disseminated infection transmit virus by bite in the laboratory (Dohm et al. 2002 , Turell et al. 2005 . Vector competence studies conducted on an autogenous population of Cx. p. pipiens from Uzbekistan (Turell et al. 2006) suggest that autogenous populations are highly efÞcient laboratory vectors of WNV. In Volgograd, the epidemic year 1999 was unusually warm, and average monthly temperatures from January to August, except for May, were higher than the average for a 20-yr interval from 1983 to 2004 (Fig. 2; Platonov et al. 2004) . The warm winter temperatures may have enhanced the survival of overwintering females of Cx. (Culex) mosquitoes and increased the likelihood that WNV would successfully overwinter in the region (Nasci et al. 2001b ). The warm spring and summer temperatures of the epidemic year would have enhanced virus replication and dissemination in both anautogenous and autogenous forms of Cx. p. pipiens in Volgograd and nearby areas. The indoor abundance data during August in Volgograd and three neighboring towns, the bloodmeal host utilization data, and the isolation of WNV from a pool of Cx. p. pipiens collected in the basement of a multistory apartment building in August suggest that Cx. p. pipiens was the primary epidemic vector of WNV in urban areas. This species was the most abundant mosquito in indoor collections (collections made in proximity to humans) during the peak transmission season, fed readily on both humans and birds, is known to be a competent laboratory vector (Turell et al. 2005) , and has been consistently found positive for WNV with suitable infection rates in other areas of the world (Hayes 1989 , Hayes et al. 2005a ). This interpretation is further supported by the detection of two WNV-positive Cx. p. pipiens pools collected at indoor sites during August 2001, a year in which 15 human WN fever cases were documented in the Volgograd region (A.E.P., unpublished data).
In outdoor collections within Volgograd, Cx. modestus was the most abundant species in aspirator collections in JuneÐJuly. Cx. modestus fed predominantly on birds and although vector competence studies have not been conducted, Cx. modestus has been implicated as an enzootic vector of WNV in France (Hannoun et al. 1964 , Panthier et al. 1966 and in the Astrakhan region of Russia . Cx. modestus occasionally fed on humans (Table 4) , but because adult females of this species tend not to disperse far from larval habitats, which are generally ponds and marshes, this species is likely to be most important in enzootic ampliÞcation of virus in rural areas, and secondarily as a focal enzootic and epidemic vector in urban areas where suitable larval habitats are present. In August 2003, we detected one WNV-positive pool of Cx. modestus among specimens collected outdoors in southern Volgograd. Specimens were aspirated from tall grasses along a path that connected a single family housing area with a train station. The area contained a number of small marshes, and Cx. modestus was observed to feed on humans on the path in the daytime and evening. Interestingly, human cases of WN fever occurred in residents of this single family housing area during 1999 Ð2002 (A.E.P., unpublished data). In August outdoor collections, Cx. p. pipiens was the most commonly collected species, accounting for 52% of specimens with Cx. modestus accounting for 15.8% of specimens. The outdoor abundance data during August combined with blood-feeding data suggests that Cx. p. pipiens and Cx. modestus may function as both enzootic and epidemic vectors.
In buildings with ßooded basements, autogenous Cx. p. pipiens accounted for 91.7% of the specimens tested for autogeny. In buildings with dry basements, especially in buildings located on the outskirts of Volgograd city, anautogenous specimens of Cx. p. pipiens (67.5%) were found more frequently than autogenous (32.5%) specimens whereas, in open urban and rural areas only anautogenous mosquitoes were observed. These results suggest that most autogenous females do not disperse far away from their breeding sites (wet basements) and that anautogenous females that emerged in open areas would readily use multistory buildings as resting sites. Obviously, anautogenous specimens of Cx. p. pipiens that feed on both birds and humans are important enzootic and epidemic vectors of WNV. It is entirely plausible that anautogenous specimens of Cx. p. pipiens acquire WNV virus from feeding on birds and then disperse to the cooler more humid multistory buildings for use as resting sites, where they feed on humans in subsequent gonotrophic cycles. The concentration of mosquitoes, particularly anautogenous Cx. p. pipiens, in multistory buildings where they are in close association with humans would greatly enhance transmission and has been noted during other WNV outbreaks . Autogeny analysis indicates that 8.3% of larvae in ßooded basements and 67.5% of larvae obtained from eggs of blood-engorged females collected in buildings with dry basements are progeny of anautogenous females. Obviously, some anautogenous females are ovipositing in ßooded basements near resting sites. After ovipositing, these anautogenous females might remain in their preferred resting site and subsequently feed on humans. The host use data for female specimens collected in buildings including the presence of mixed humanÐ bird bloodmeals indicates that Cx. p. pipiens is readily feeding on both humans and birds in and near multistory buildings.
Autogenous Cx. p. pipiens are often the most frequently encountered mosquito living inside multistory buildings in urban areas within the former Soviet Union and former satellite countries (Aksenova 1982 . If anautogenous and autogenous forms occasionally hybridized, and these hybrids fed on both birds and humans, the epidemiological consequences would be signiÞcant. Alternatively, if a small fraction of autogenous Cx. p. pipiens fed on both birds and humans, for example, wild birds that commonly occur in urban environments, the epidemiological consequences also would be of great signiÞ-cance. Molecular studies indicate that hybridization between anautogenous and autogenous forms in Europe are rare (Fonseca et al. 2004 ) and in Italy only Ϸ1% of specimens were thought to be hybrids (Urbanelli et al. 1981) . Studies that document both the autogeny status and bloodmeal host for individual specimens of Cx. p. pipiens are lacking, although our data suggest that autogenous specimens use both birds and humans as bloodmeal hosts (Table 5 ).
The collection of large numbers of Ae. vexans at indoor sites in Volgograd and three nearby towns in JuneÐJuly is surprising. This species was collected at outdoor sites in urban areas in lower numbers, but it was very abundant in collections made in rural areas. It seems that at least a part of the Ae. vexans specimens collected indoors at urban sites migrated to Volgograd from rural areas and from Sarpinsky Island and the opposite bank of the Volga River where larval sites for Ae. vexans are numerous. The ability of adult Ae. vexans to migrate long distances from larval habitats is well known (Gjullin et al. 1950 , Horsfall et al. 1973 , Proskuryakova and Markovich 1984 . Within urban Volgograd, the cooler, shaded, and slightly more humid entranceways and staircases of the multistory buildings serve as attractive resting sites.
A concentration of mosquitoes inside multistory buildings was the main feature of their spatial behavior in urban sites. This phenomenon can be explained largely by microenvironmental factors. We observed that temperatures were on average 2.3ЊC cooler and the relative humidity 6.3% higher inside multistory buildings compared with outdoor, shaded sites. Additionally, illumination is relatively low indoors during the daytime, which would favor the use of indoor resting sites, because negative phototaxis is one of the main orientation mechanisms of mosquitoes looking for day shelters (Beklemishev 1944 , Clements 1963 . Both unfed and blood-engorged females were collected indoors, indicating that mosquitoes used buildings as resting sites both after emergence and blood feeding.
Our data suggest that intense transmission of WNV to humans in urban areas of Volgograd and nearby towns during the epidemic of 1999 may have been facilitated by the concentration of anautogenous forms of Cx. p. pipiens in multistory buildings where they feed readily on both humans and birds. The role of autogenous populations of Cx. p. pipiens in WNV transmission remains uncertain but deserves special attention by vector ecologists. Cx. modestus seems to be primarily an enzootic vector but may transmit virus to humans in areas were larval habitats and humans occur close together.
